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Description 

[Sealing Mechanism for a Subterranean 

Well] 

Background of Invention 

[0001] The invention generally relates to a sealing mechanism for 

a subterranean well. 
[0002] For such purposes as producing fluid from and testing a 

subterranean well, a device called a packer may be used. 

The packer typically is run downhole on a tubular string. 

The packer, when set, forms an annular barrier in a region 

(typically called the "annulus") between the string and a 

wellbore wall or a casing wall, depending on whether the 

well is cased. 

[0003] a typical packer includes an annular elastomer sealing 
ring that is exposed on the outside of the packer and is 
concentric with the longitudinal axis of the string. When 
run downhole, the elastomer ring is uncompressed, a 
state that minimizes the outer diameter of the ring. When 
the packer is to be set, sleeves (hydraulically or mechani- 



cally activated sleeves, for example) compress the elas- 
tomer sealing ring so that the ring radially expands to seal 
off the annulus. 

[0004] The above-described conventional packer typically is op- 
timized to form a seal between a string and the inside of a 
casing wall. However, challenges may arise in sealing off 
the annulus in an uncased well. More specifically, the 
wellbore wall that defines the surface to which a seal must 
be formed typically has an irregular profile, and the elas- 
tomer sealing ring typically has a relatively uniform radius 
of expansion. Therefore, it may be challenging to form a 
seal between the elastomer sealing ring and an irregu- 
larly-shaped borehole wall. 

[0005] Thus, there is a continuing need for better ways to seal off 
the annulus in an uncased well. There is also a continuing 
need for better ways to seal off the annulus in a cased 
well. 

Summary of Invention 

[0006] | n an embodiment of the invention, a technique includes 
deploying a spring downhole, energizing the spring and 
using the energized spring to form an annular barrier in 
the well. The spring may be energized prior to being run 
downhole or after being run downhole, depending on the 



particular embodiment of the invention. 
[0007] Advantages and other features of the invention will be- 
come apparent from the following description, drawing 

and claims. 
Brief Description of Drawings 

[0008] pigs. 1, 10, 11 and 14 are flow diagrams depicting tech- 
niques to form an annular barrier in a subterranean well 
according to different embodiments of the invention. 

[0009] pig. 2 is a schematic diagram of a subterranean well de- 
picting a spring sealing mechanism in an unexpanded 
state according to an embodiment of the invention. 

[0010] Fig. 3 is a schematic diagram of the well depicting the 

spring sealing mechanism in an expanded state according 
to an embodiment of the invention. 

[001 1] Fig. 4 is a perspective view of a spring of the spring seal- 
ing mechanism according to an embodiment of the inven- 
tion. 

[0012] Fig. 5 is a cross-sectional view taken along lines 5-5 of 
Fig. 4 according to an embodiment of the invention. 

[0013] Fig. 6 is a more detailed cross-sectional view of a portion 
of the spring in an expanded state according to an em- 
bodiment of the invention. 

[0014] Fig. 7 is a more detailed cross-sectional diagram of the 



spring in an expanded state according to an embodiment 
of the invention. 

[0015] pig. 8 is a cross-sectional view of a spring sealing mecha- 
nism according to an embodiment of the invention. 

[0016] pig. 9 is a cross-sectional view of a wedge of the spring 
sealing mechanism of Fig. 8 according to an embodiment 
of the invention. 

[0017] Fig. 12 is a schematic diagram depicting a spring sealing 
mechanism in an unexpanded state according to an em- 
bodiment of the invention. 

[0018] Fig. 13 is a schematic diagram of the spring sealing 

mechanism of Fig. 12 in an expanded state according to 

an embodiment of the invention. 
Detailed Description 

[0019] Referring to Fig. 1, in accordance with an embodiment 10 
of the invention, a technique includes using a spring- 
based sealing mechanism (herein called the "spring seal- 
ing mechanism") to form an annular barrier in a subter- 
ranean well. More specifically, the technique 10 includes 
deploying (block 12) a spring sealing mechanism down- 
hole and energizing (block 14) the spring sealing mecha- 
nism. As described further below, the energizing of the 
spring sealing mechanism may occur either before or after 



the spring sealing mechanism is run downhole, depending 
on the particular embodiment of the invention. Regardless 
of where the spring sealing mechanism is energized, the 
energized spring sealing mechanism is used to form an 
annular barrier in the subterranean well, as depicted in 
block 16. 

[0020] pig. 2 depicts a subterranean well 40 to further illustrate 
application of the technique 10. Referring to Fig. 2, the 
subterranean well 40 includes a wellbore 42 that extends 
through one or more subterranean formations. Although 
the wellbore 42 is depicted in Fig. 2 as being a vertical 
wellbore, the wellbore 42 may be a lateral wellbore, in 
other embodiments of the invention. The wellbore 42 is 
also depicted in Fig. 2 as being uncased. However, the 
wellbore 42 may be cased or uncased, depending on the 
particular embodiment of the invention. 

[0021] The subterranean well 40 includes a tubular string 50 that 
is inserted into the wellbore 42 for purposes of perform- 
ing a particular function, such as a function relating to 
production, injection or testing, as examples. Pursuant to 
this function, it may be desirable to form an annular bar- 
rier in a particular segment 44 of the wellbore 42. More 
specifically, this annular barrier may be formed between 



the exterior of the string 50 and the wall of the wellbore 
42 to seal off an annulus 49 of the well 40. 

[0022] For purposes of forming this annular barrier, the string 50 
may include a sealing tool 55, a tool that includes a spring 
sealing mechanism 52 in accordance with the technique 
10 (Fig. 1). The spring sealing mechanism 52, when ener- 
gized, expands to form a seal between the string 50 and 
the wall of the wellbore 42. 

[0023] More particularly, in some embodiments of the invention, 
the sealing tool 55 may include mechanically or hydrauli- 
cally-activated pistons (not shown) that move upper 56 
and lower 58 sleeves of the sealing tool 55 to compress 
the spring sealing mechanism 52 to cause radial expan- 
sion of the mechanism 52, as depicted in Fig. 3. As fur- 
ther described below, in this expanded state, the spring 
sealing mechanism 52 provides an annular barrier to seal 
off the region between the string 50 and the wall of the 
wellbore 42. 

[0024] As described further below, the spring sealing mechanism 
52 establishes a mechanical structure that rigidly opposes 
radial contraction and is biased to expand to accommo- 
date irregularities in the surface of the wellbore wall. 
Thus, the spring sealing mechanism 52 forms seals with 



irregularly-shaped, uncased borehole walls and accom- 
modates the situation in which a portion of the wellbore 
wall may change after the initial setting of the mechanism 
52. 

[0025] The spring sealing mechanism includes a spring that is 
energized for purposes of forming the annular barrier. 
Fig. 4 depicts a perspective view of such a spring 54. The 
spring 54 may be a coil spring (or metal coil spring, for 
example) in accordance with some embodiments of the 
invention. As depicted in Fig. 4, the spring 54 may be 
generally formed from a tubular member 60 that is con- 
centric with the string 50 and includes a helical groove 62 
that is cut into the tubular member 60. The helical groove 
62 spirally extends around the longitudinal axis of the 
tubular member 60. 

[0026] | n some embodiments of the invention, the density of the 
windings of the groove 62 (i.e., the number of windings 
per unit of longitudinal length) are not constant, but 
rather, the density of the windings may vary with longitu- 
dinal position along the tubular member 60. Stated differ- 
ently, the tangential angle of the helical groove 62 is not 
constant, but rather, the tangential angle may vary along 
the length of the spring 54. 



[0027] For example, as depicted in Fig. 4, in some embodiments 
of the invention, the tangential angle of the helical groove 
62 may be more shallow around a longitudinal midpoint 
64 of the winding 62, and thus, more windings may be 
present near the midpoint 64, as the more shallow angle 
produces a greater concentration of windings near the 
midpoint 64. This increased density of windings near the 
midpoint 64 (as compared to the ends 66 of the groove 
62), depicted in more detail in a cross-sectional view in 
Fig. 5, conditions the spring 54 to expand outwardly near 
the midpoint 64. 

[0028] | n some embodiments of the invention, the spring 54 may 
have other features to bias the spring 54 to bulge out- 
wardly near the midpoint 64. For example, referring to 
Fig. 5, in some embodiments of the invention, the tubular 
member 60 may have a wall thickness that varies along 
the length of the member 60. More particularly, in some 
embodiments of the invention, the thickness of the wall of 
the tubular member 60 may be increasingly more narrow 
from the end 66 of the groove 62 toward the midpoint 64. 
Thus, the wall of the tubular member 60 has its minimum 
thickness at the midpoint 64 to bias the spring 54 to ex- 
pand in a radially outward direction near the midpoint 64. 



[0029] Figure 6 depicts a cross-section of the spring sealing 

mechanism (in accordance with some embodiments of the 
invention) showing a portion of the spring 54 surrounding 
a portion of the tubular string 50. Reference numeral 72 
identifies the longitudinal axis of the sealing mechanism. 
Referring to Fig. 6, in some embodiments of the invention, 
the groove 62 may generally have a trapezoidal cross- 
section. As depicted in Fig. 6, in some embodiments of 
the invention, the groove 62 may be cut so that the por- 
tion of the groove 62 closest to the exterior surface of the 
tubular member 60 is more narrow, and the portion of the 
groove 62 closest to the inner diameter of the tubular 
member 60 is relatively wider. Due to this arrangement, 
the relatively larger width of the groove 62 near the inner 
diameter of the tubular member 60 allows space for ex- 
pansion to facilitate bowing of the spring 54. 

[0030] Additionally, as depicted in Fig. 6, in some embodiments 
of the invention, the depth of the groove 62 varies longi- 
tudinally. More specifically, near the midpoint 64, the 
groove has its maximum depth, extending through the 
wall of the tubular member 60; and near the ends 66, the 
groove 62 is relatively more shallow. This progressive 
deepening of the groove 62 from each end 66 to the mid- 



point 64 facilitates bending of the spring 54 near the 
midpoint 64. 

[0031] Thus, referring to Fig. 7, when the spring 54 is energized 
and allowed to expand, the spring 54 expands to bow in a 
radially outward direction near the midpoint 64. As de- 
picted in Fig. 7, near the midpoint 64, particular windings 
of the groove 62 have open spaces 70 on the inside of the 
tubular member 60, as compared to the windings of the 
groove 62 closer to the ends 66. 

[0032] pig. 8 depicts a spring sealing mechanism 55 in accor- 
dance with a particular embodiment of the invention. The 
spring sealing mechanism 55 circumscribes the tubular 
string 50, is concentric with the string 50 and includes the 
spring 54 that closely circumscribes the string 50. An 
elastomer sleeve 84 is also concentric with the string 50 
and circumscribes the spring 54 to form a fluid seal with 
the wellbore wall, in some embodiments of the invention. 

[0033] | n some embodiments of the invention, the sealing mech- 
anism 55 also includes a wedge 80 that generally circum- 
scribes the string 50 and is concentric with the tubular 
string 50. The wedge 80 is located between the tubular 
member 50 and the spring 54. More specifically, the 
wedge 80 generally has a cylindrical shape and has a 



smaller axial length than the spring 54 and is located near 
the midpoint 64 of the spring 54. 

[0034] Referring to Fig. 9, the wedge 80 includes a helical groove 
84 that is cut into a tubular member 90 of the wedge 80 
to form a spring. As depicted in Fig. 9, unlike the spring 
54, the wedge 80 is formed from a tubular member 90 
whose wall thickness progressively increases from each 
end 93 of a helical groove 94 of the tubular member 90 to 
a midpoint 91 of the groove 94. In some embodiments of 
the invention, the helical groove 94 winds around the 
tubular member 90 in an opposite direction from the 
winding of the spring 54. The combination of the groove 
94 and the taper in the wall of the member 90 form a ra- 
dial expansion force that acts on the spring 54 to force 
the spring 54 in a radially outward direction. 

[0035] The spring 54 may be energized either before the spring 
sealing mechanism is run downhole or after the spring 
sealing mechanism is run downhole, depending on the 
particular embodiment of the invention. Thus, as depicted 
in Figs. 2 and 3, in some embodiments of the invention, 
the spring 54 may be energized after the spring sealing 
mechanism is run downhole. However, referring to Fig. 
10, in other embodiments of the invention, the spring 54 



may be energized before the spring sealing mechanism 
(and thus, the spring) is run downhole. 

[0036] M 0re specifically, Fig. 10 depicts a technique 120 in which 
the spring 54 is energized before the spring 54 is run 
downhole, as depicted in block 122. The spring 54 is then 
maintained in an energized state while the spring is run 
downhole, as depicted in block 124. After the spring 54 
(and thus, the sealing tool 55) is in its appropriate posi- 
tion, the energized spring 54 is then released (to form the 
annular barrier), as depicted in block 126. 

[0037] Among the potential advantages of the technique 120, the 
profile of the spring may be kept to a minimum while the 
spring 54 is run downhole and relatively complex mecha- 
nisms are not required downhole to energize the spring. 
Instead, the sealing tool may include a release mechanism 
(including collet fingers, for example) to hold the spring 
54 in its energized state. As a more specific example, the 
release mechanism may include a sleeve in that each end 
of the spring may be held in place by an associated sleeve 
that is prevented from rotating. When the spring sealing 
mechanism is in place to be set, the rotational hold on 
one of the sleeves may then be released to allow the 
spring to expand. Many other variations are possible. The 



release mechanism may be remotely operated (operated 
by pressure pulses, mechanical motion or hydraulic pres- 
sure, as a few examples) to release the spring 54 from its 
energized state when the spring 54 is in the appropriate 
position. 

[0038] Referring to Fig. 11, as a more specific example, a tech- 
nique 150 in accordance with the invention is used to en- 
ergize the spring 54 before the spring is run downhole. 
The technique 150 includes twisting (block 154) the 
spring 54 in a direction consistent with the helical orien- 
tation of the spring 54 to reduce a diameter of the spring 
54 while maintaining the same axial length for the spring. 
Next, in accordance with the technique 150, the spring is 
run downhole while the spring is maintained in its ener- 
gized state, in accordance with block 156. When the 
spring 54 (and thus, the sealing tool 55) is in its appropri- 
ate position, the spring 54 is then released, as depicted in 
block 158. 

[0039] Referring to Fig. 12, in some embodiments of the inven- 
tion, the technique 150 may be used in accordance with a 
spring sealing mechanism 160. The spring sealing mech- 
anism 160 is depicted in Fig. 12 in an unexpanded state. 
As shown, the spring sealing mechanism 160 includes a 



tubular member, or base pipe 165, that is circumscribed 
by a spring 164. An elastomer sealing sleeve 162 circum- 
scribes the spring 164 to form the annular barrier seal for 
the spring sealing mechanism 160. Thus, as depicted in 
Fig. 12, the base pipe 165, spring 164 and sealing sleeve 
162 all share the same longitudinal axis 161 that, in turn, 
is concentric with the string (for example) that conveys 
the spring sealing mechanism 160 downhole. 
[0040] The spring sealing mechanism 160 also includes upper 
166 and lower 167 collars, each of which circumscribes 
the base pipe 165 and is concentric with the longitudinal 
axis 161. In some embodiments of the invention, the up- 
per end of the sleeve 162 is attached to the upper collar 
166, and the lower end of the sleeve 162 is connected to 
the lower collar 167. Thus, in some embodiments of the 
invention, the collars 166 and 167 may serve to extend 
the spring 164 in the longitudinal direction thereby com- 
pressing the spring 164 in the radial direction to hold the 
spring in an energized and unexpanded state for pur- 
poses of running the spring sealing mechanism 160 
downhole. Either of the collars 166, 167 may be movable 
to enable such extension, with the movable collar(s) being 
lockable in the extended state (such as by a collet, 



ratchet, or dog). 

[0041] when the spring sealing mechanism 160 is in position to 
be set within the well, the collars 166 and 167 may then 
be operated (unlocked) to allow the expansion of the 
spring 162, as depicted in Fig. 13. As shown, in this state 
and based on its spring properties, the spring 164 auto- 
matically compresses longitudinally and expands radially 
to extend the sleeve 162 in a radially outward direction so 
that the sleeve 162 forms a seal with the inside of the 
borehole wall (not depicted in Fig. 13). Thus, as depicted 
in Figs. 12 and 13 and as described elsewhere in connec- 
tion with the other disclosed spring sealing mechanisms, 
a potential advantage of the spring sealing mechanism is 
that the spring sealing mechanism may be inserted into a 
borehole that has a minimum hole inner diameter that is 
smaller than the outer diameter of the spring sealing 
mechanism in its expanded state. A result of this design is 
that the spring, once released, will expand against the 
open hole and through the life of the well, the spring can 
further expand to maintain sealing if the open hole size 
increases due to the retained energy in the spring until 
such time that the open hole size exceeds the maximum 
outer diameter of the sealing mechanism in its fully ex- 



panded state. 

[0042] Referring to Fig. 14, in another embodiment of the inven- 
tion, a technique 180 may be used to deploy an energized 
spring downhole. More specifically, the technique 180 in- 
cludes twisting the spring 54 in an opposite direction 
from its helical orientation and pulling the spring 54 to 
energize the spring 54, as depicted in block 182. Next, 
the spring 54 (and thus, the rest of the sealing tool 55) is 
run downhole while the spring 54 is maintained in its en- 
ergized state, as depicted in block 184. Subsequently, the 
energized spring 54 is released when the spring 54 is in 
the appropriate position downhole, as depicted in block 
186. 

[0043] while the present invention has been described with re- 
spect to a limited number of embodiments, those skilled 
in the art, having the benefit of this disclosure, will appre- 
ciate numerous modifications and variations therefrom. It 
is intended that the appended claims cover all such modi- 
fications and variations as fall within the true spirit and 
scope of this present invention. 



